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Abstract: The emmetropes and myopes were reported to have different monocular accommodative stamina at
distance, but not at near. The purpose of this study was to further investigate the binocular accommodative stamina
under natural binocular viewing condition.

Methods: Accommodative stamina of 40 young university students was investigated over one-minute duration with a
+2.00 D lens flipper at 40 cm. The measurement was done binocularly to ensure the natural interaction between
accommodation and vergence. The data collection was recorded as cycle per minute (cpm).

Results: There was a significant difference [t= -2.75, p = 0.01] in the near natural binocular accommodative stamina
between emmetropes (mean = 7.90 cpm) and myopes (mean = 10.95 cpm).

Discussion: The myopes demonstrated higher cyclic rate of accommodative stamina compared to emmetropes at near.
These findings suggested that the ability to clear near optical blur might be different between emmetropes and
myopes.

Keywords: Accommodative stamina, emmetropia, myopia, lens flipper, optical blur.

Introduction

Ocular accommodation referred to the temporary change in refractive power of the crystalline lens as a result from contraction
of ciliary muscle as the eye to change focus from distance target to a near object, altering the location of the retinal image point
optically conjugate with the retina [1]. Thus, it was a process in the optical system of the eye to change its focal length in
response to various visual stimuli. Thus, it involved dynamic process to ensure the prolongation of accommodative stamina and
endurance of accommodation status [2]. Accommodative stamina was related to the flexibility and durability of the eye to
accommodate at different target distances. It illustrated the perseverance of retinal image clarity following rapid change of
focus [3]. The stamina could be described as a facilitation ability to quickly change the refractive power of the lens to various
focus distances. Therefore, this ability is important when changing fixation from one distance to the other.

The facilitation ability was associated with refractive groups as the emmetropes and myopes showed different monocular
accommodative stamina [4]. This indicated that the ability to maintain the retinal image clear at all distances was different
between emmetropes and myopes. The retinal image of emmetropes was conjugated directly on the retina, while the retinal
image of myopes was conjugated at the front of the retina without vision correction. This difference in the retinal image
position could affect the accommodative stamina among myopes.

The accommodative stamina was lower among the myopes than emmetropes at the distance measurement setting but not at
near [5]. When the eye was exposed to the relaxation and stimulation of accommodation alternately while looking at far
distance, the positive and negative response time of accommodative stamina was significantly longer in myopes than
emmetropes [6]. Positive response time was the time taken for the eye to stimulate the accommodation, while negative
response time was the time taken to relax the accommodation. This demonstrated that myopes required more time to
accommodate and relax the accommodation than emmetropes when changing visual focus from near to distance.

As for near viewing condition, the significant difference between refractive groups for near monocular accommodative stamina
was only found for the time taken to relax accommodation[7]. The near work only increased the duration for relaxing
accommodation, but not for stimulating accommodation under monocular viewing condition. However, under binocular
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viewing, accommodation was associated with vergence and constriction of pupil, which were commonly known as near triad
response [8]. Thus, this study focused on the binocular accommodative stamina to investigate the natural binocular
accommodative stamina between emmetropes and myopes at near under normal condition of binocular viewing.

Materials and Methods

Forty young university students of Universiti Teknologi MARA participated in this study. All emmetropic subjects were with
spherical component between -0.25 to +0.75 D and the cylindrical component less than -0.50 D while all myopic subject were
with spherical component between -0.75 to -6.00 D and the cylindrical component less than -2.00 D [9]. With the best vision
correction, the distance visual acuity was 6/6 based on Snellen scale and near visual acuity was N5 at 40 cm based on near
reading chart. All subjects were free from any history of general, ocular health and binocular vision problem. Ethical approval
was obtained from the Universiti Teknologi MARA (UiTM) and informed consent was taken prior to the study
commencement.

The subjects were screened for refractive error and ocular health before the accommodative stamina measurement and were
first explained about the measurement procedures. Lens flipper £2.00 DS was used to measure the accommodative stamina
under normal room illumination. Lens flipper £ 2.00 D was chosen, as it was a reasonable choice for measurement
demonstrated by Lorzei [10]. The + 2.00 D lens flipper was accepted as routine clinical procedure in the assessment of
accommodation.

The subjects were examined under full vision correction binocularly with the correction fitted on trial frame. The lens flipper
was placed over subject’s eyes while the subject fixated at the N6 word of near reading chart at viewing 40 cm distance [4].
Upon introducing the lens, blur target image was initially reported. The visual system needed to compensate for the optical blur
introduced by the lens flipper to ensure that the retinal image remained accurately on the retinal area, especially the fovea. This
involved series of relaxation and stimulation of accommodation. Once the target image was reported to be clear, the lens was
flipped alternately. Measurement was conducted over one-minute duration and the data collection was recorded as cycle per
minute (cpm).

Results

Parametric statistical analysis was carried out as the data was normally distributed based on the Shapiro-Wilk normality test
(p>0.05). The mean age of all the subjects was 21.40 +1.69 years old. From the 40 subjects, 20 of them were myopes and
another 20 were emmetropes. Among the myopes, 9 were males and 11 were females while among the emmetropes, 6 were
males and 14 were females. The mean natural binocular accommodative stamina at near in myopes and emmetropes were
10.95 cpm (£0.74) and 7.90 cpm (£0.83) respectively as illustrated in Figure 1. From the independent t-test analysis, there was
a significant different in the accommodative facility between myopes and emmetropes (t=-2.75, p=0.01).
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Figure 1: Means, standard deviation and independent t-test analysis of accommodative stamina under

natural binocular near viewing condition between myopes and emmetropes
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Conclusion

The binocular accommaodative stamina for myopes and emmetropes in this study was within the normative value of population,
which ranged between 5 to 15 cpm for young adults (Scheiman & Wick, 2008). Thus, no abnormal accommodation stamina
was found among all the subjects. The findings indicated that the myopes were having a significantly higher accommodative
stamina at near than emmetropes under binocular viewing condition. Thus, these current findings were in the agreement with
previous studies on the difference in accommodative stamina between myopes and emmeteropes. In both myopes and
emmetropes, the near work increased the duration for relaxing accommodation only, but not for stimulating accommodation
[7]. However, the myopes had shorter negative accommodation time than emmetropes at near. Thus, the myopes could relax
their accommodation faster than the emmetropes, in turn showing higher capability of accommodative stamina as supported by
the current study [5].

The myopes showed higher cyclic rate of natural binocular accommodative stamina when compared to emmetropes at near.
This finding suggested that the ability to clear near optical blur might be different between emmetropes and myopes. As the
measurement was conducted using spherical positive and negative lens flipper, it might suggest that the emmetropic group was
under greater accommodative stress to clear the positive and negative lens [4]. With the positive lens, myopic blur was induced
in which the retinal image was positioned on the front of retina. Minus lens, on the other hand, induced the retinal image to be
located behind the retina and this caused hyperopic blur.

With the changing of lenses between the plus and minus lens, there were magnification or minification effects to the image
sizes resulted from changing the lens [11]. Optically, the magnification and minification effects were contributed largely by the
amount of spherical diopters of the lens. The magnification and minification should be controlled by calculated the amounts of
the magnification and minification induced by the minus and plus lenses [12]. With the introduction of lens and minus lens, the
target image was made to be blurry so that in order to regain retinal image clarity, the eye accommodated or relaxed the
accommodation accordingly. Our study concluded that there was a difference in the visual ability between emmetropes and
myopes to clear near optical blur. These findings were applicable under normal binocular viewing accommodation system that
had interaction with vergence as this study focused only on binocular accommodation status. Therefore, there was an indication
to interpret clinical finding of accommodative stamina with great care.
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